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PROCEDE ET INSTALLATION DE FORAGE EX DE CHE MIS ACE D'UN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DE TRONCONS TUB UL A I RES ABOUT ES INITI A LEMENT 
SOUFLES, ET DURCIS IN SITU 

La prtente in vention concern un pncMpoorfoctttXcbainxTWkinits, 
nomnmcal uo pints de forage petrolier, mi moyca d'un ensemble de troncoos tubuUires 

- ou prcTormes • similsires. imtiaiement soupks. spies ft toe replies too pludiari cmcnt 
turdleMieM pour to iBt^ 

5 reflet d'une pcesstoa interne pour prendre une forme cylindrique, et enfin ft toe 
rigufifieee jfl situ par polymerisation de lew ptroi, rcnoombcwoenl transversal d'une 
prefonne replies tent de dimension nuximale sensiNement infeneure ii son diametre 
intern ft Petal depHe; et lesdites preTormes posseldant one portion d'extremit* doct le 
diametre - spits depiiement - est legeremeut supericur ft celui de Is preTorme, ce qui 

10 pennet leur Jonction boot-a-bout par emboTtanent, svec recouvremeot de ladite portion 
d'extttaitf- 

Ainsi, en recourant ft ce type de preTorme, qui est coanue en soi 

- nocsmment par le document WOA-94/2I887 - il est possible d'obtenlr un c h e mi sag e 
d'undismetrcawstsntswtai^ 

15 A est egsrd\ U con vtent de rsppeler qu 'svec des chem issges (an tubnges) 

tradioonneU consdtues par des tubes en aoer> on est oblige" d'utUlser des troncons 
rubulsifes idesocfiaues, i c&s^ 

des problemes d'imtslbfion et d'exrioitstioo ulteneure du puts. 

L'objectif de ('invention est de proposer un proceVW de forage et de 
20 chemisage du puits, i I'aide or prtYccmo du type mentioni* ci-dessus, qui puisse fttre 
mis en oeuvre de maniere simple et rapide, ft rsible coflL 

Fbur ccU , et confofmement ft rinveniioo, on commence par mettre en 
plane un premier troncon, du cOe^l , entrfedup<iits # to 
Uorjcwctsxtttourneevcnkfaas. 
25 Uproce^sdonl'inventk^ 

i) on fait passer axialemeat, de haut en has, ft travers I edit troocpo, un 
«rtildefcra^etcnforesuHkssousetdaM le proJongemciit de ce troncpn un trou de 
forme et de prof ondeur adaptecs poor recevoir le troncpn suivant ; 
b) on redre VaatH de forage ; 
30 c) on innodidt tine preTorme, a 1'etat replie*. ft rinteneur du pints en la 

faiant traverser le tioiicw 
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dutrou.a portion d'extremitf haute venant sc placer a rintencur dc to portion dex- 
tremitfelargfecUitroofan; 

d) on introdirit un dment fluidc au food du trou. autour de U portion 
d'extreroit* basse de U preYonne ; 
5 e) on introduit un Hiidc sous prasion, de denote supdrieure k U densiui 

du dment, a riaterieur de la preTorme aim de la deplier radmlement, progressivement de 
bas CD haul, en refouiant le dment, egalement de has en baut, auiour de to preTorme, 
centre to paxoi on trou; 

I) tout en maintenant to preTorme tout pression interne, on en dnufTe la 

10 pmipourtopalymeiiaer; 

g) to dment ayant pro, et to preTonne ayant durd poor cooitituer tin 
trooeon tubulaire rigkfe de chemisage. c* ledre axW 
gotuTagcdatopdymeiisatim 

b) on re^tere Popendon pour ks troojom suivants, jusqu'a obtenir to 

15 longueur de puits chemise" souhaitee. 

Lorsque, comme ceto sera expliqul plus loin, la preTonne preaenle des 
reserves de resine spies a migrer vers rexterieur pour former des venw aimutoires 
d'aanchdtf. le rxriuoniiemem dc ces venom est realist an demjtde rempe f d-ckssua. 

I>msnieieparticuueremotf 

20 gecretref^apteacccu^ 

premier etat d'eacanbremeat minimal, lua permcttantde passer a nntericurdu tronoon 

c*ja« place, unaccorded* 

principale du trou et un trotsieme etat, d'encombrement maximal, pour to forage de la 

parte dutioucfc^necarec*^ 
25 Daw un mode dettalisan^o^ 

a to pdyinensauon de to preTorme, sins qu a la distribution du dment, comprend une lite 

a double valve place* en psroe basset 

niridedegcmfu^arinleiieurdeto 

L'instsilation de forage et de diemisage, qui fait egalement panto de to 
30 pre«temvetition,servsjA atomise en o 

qu'dle comprend, en teto de mats : 

- une bobioe de stockage et de reception, a Temt cnroule, de ladite 

preTorme ; 

- une tfte surplombant r entree du puits, apte a pennettre le guidage et 
35 Introduction, dans to puits, de toprtforme et des different! ouullages servant au forage 

du pints «insi qif au gonfUgc et i Is rxiymensatioa de la preTorme ; 
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- des bobinea de ttockage a Tetat cnrou!* de tubes mtoUiques clastique- 
rooitdeTcnnablesar^afa^ 

de ces lubes coatenant un dblc servant a Palimcntauon de la preTorme co courant 
dectrique; 

* un geoerateur de courant flectriquc, 

D'autres caiacterisuquca et avantages de Pinvcntioo apparaltront de la 
description et des detains annexes qui en lepreaentent, a simple litre dVxcmpks non 
limitanTeunnwdedemiKenceu^ 

Surccsdesains: 

. Lea figures 1 a 4 soot des vues sdsematiques, en coupe axiale, monUant 
les difTenjates Stapes de Topefalieo de forage de la partie de puts qui doit itcevoir la 
preTorme ; 

- la figure 5 est urtc vue scb6mauquc d'une prefonne et de routfllage dont 
elle est sottdaiie, avant mise en place, dans le puits ; 

- les figures 6 et 7 soul des vues partielies de rextrexnitc basse de la 
preTorme, destinees a illustrer le prindpe de la double valve donl est pourvue la tete 
cTovdllage; 

• les figures 8 a 15 illustreDt les aiTercates etapes de mise en place d^ 
preTonne an bout d*ua troncon deja co place; 

- la figure 16 represente schemanquement, en coupe axiale, un puits 
crjetnise*pvtiois!roocro 

- la figure 17 est nnc vue schftnatique mootraat les nlfttceats inaleneb 

corrtituuTsde HnstaUanoo, situes en surface (tete de puits) ; 

-les figures 18a30-aechcUepU» petile - iilustrent k foocticniiement de 
rinstallation an cours desdiflercntes etapes dn chemisage. 

La figure 1 represente l*extremite basse d un puits vertical en cours de 
forage et de chemisage. Ce puits, incompietement fore; comport* un chemisage deja en 
place sous forme d'un tube cyiiodrique rigide 2 presentant une portioo d'extremite basse 
20ekrgie. 

Udiametre D decette partie 20 est kgereoient plus grand o^kdianietre 
d de la partie prindpale 2. si bien qu'U est possible d'erabotter les uns dans les autres des 
tronoons 2, avec reoouvrement des parties d'extremite 20. 

Le troncon de chemisage 2 est scette dsns 1c pwtsparuncuaefUperiplien- 

quc2CXX 

Nous aUoos maintenant decrire de quelle maniere va toe mis en place, a 
raideduproc^O>ruivcnuoii,let 
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Pour ceia. comme illustrf aux figures 144, on commence par forer un 
sou destine a recevoir ce tocncon. 

A cet effet on uUlise un outil de forage 1. du genre trepan, qui a la 
particularity de pouvoir tut it* trade* on dilate* radial cm cot, dans trots 6uto d'cncom- 

5 bremcm cftff treats. 

Dans un premier tot. illustrt a U figure 1. 1 'outil est rttracaf au maximum 
de idle maroere que sa plus grande dimension tronsversalc autorise son libre passage a 
I Unteneur du troncon Z axialement a craven cdui-ci 

Dam cet 6at. son encombrement est dooc pins petic que d. 
10 De maniere connue, Tounl de forage 1 est fix* a IVxtremit* d'une tige 

mboUire 10, qui pone le moteur d'eutratocment (non represent*) de Toutil en rotation, et 
les organes assurani son c^oiemeirtcwuoontrw^rsdisJe. 

Comroe on le vena riua loin, la dge 10 est montee a I'extremi i* d'un tube 
mftalkque apte a toe enroule* sur un tambour rtcepteur dispose* cn surface, en ifcte de 
15 puits. 

Dans un secood 6tal de deptoiement radial, Ulustrf a la figure 2, la parte 
conpante 12 de l 'outil possede uo diametre de travail aensiblernent egal a D. 

L'outil ayante^descenduasjal cw ientdanste 
deja en place, on provoque ce deploiement radial au diametre D lorsqu'il est arrive* a 
20 riiitefiettr<leU portion elarg^ 

vsrUndesoentecommemustrt 1- 

On realise atosi le forage <T un trou cyliodrique au diametre D, coaxial au 

titmcon 2, daris k rxc4c«fi^n^ 

La profoodeur de forage correspond i la longueur du tronoon que Ton 

25 souhaiternettre en place. 

L'oulil I possede des organes de coupe addiuonnels 11 qui peuvent Ore 
deploy* radialemeot a un diametre lupeneur a D. afin de pouvoir recevoir la portion 
tfUrgfedu tronoon a roettre en place, 

Commc illustrt I la figure 3, par lanonte* de Poutil sdoo P a . on realise 
30 ainaunelar£issementdutrou3w 

A la figure 4 on a design* par la reTerenoc 30 la pard deUpertiepriocipale 
duttX)u3.parUreT6ence31Upar« 

basse du trou. dont le diametre D est le mftme que cdui de la partie 30. 
La preTorme 4 representee sditoatiquem^ 
35 general que cetle decrite en derail dans le WO-A-94/21B87 deja cite\ 
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Nearunoiia f dleestdepoun^ 
gooilable, du fait qu*on a affaire a un trou borgi« ; de plus, to prtforae 4 poasWc une 
portion d'extreraite* basse 40 dc section elargte. 

Lt pieTorme 4 est supportee par une age tabulaire Sen aticr. earoulabie 
5 »ur un tambour de stocknge situ* en surface, el qui permct de la fake descendre a 
l*interieur du puits, et de tul foumir les fluides de dmcntatton et da gonflage, aios que 
fenergic electrique poor la pdymensauon de la preTorme, par 1'intenneVuaire d'un 
dhrgmalaTite rarwiffPTtt? *V rettd * un m^Aiit^ml (axial) 50 dispose* a 1 'mterkur dc 
UpreTcnncetseiacccwto 
10 Ce type de up d'acier enroulable est couramment designee dans le metier 

par k tome anglais "COILED TUBING" - enabrtg6 M CT. p --. 

Commc eelaest decrit dans le WO-A-94ai887 deja cite, la pceTonne est 
obcuree a aes extit^tes bain^ 
bias et/ou decoupablea en fin d*op6fanoa 
15 La uKe diatributrice 51 possedc une double valve 52. 53, actionaable 

seleca vemenc (depuis U surface), 

Comme illustre* aux figures 6 et 7, la valve 52 penmet de distribuer un 
fhiktedegoraTaaearintenw 
dufti^iier im ciment Huide 
20 Comme iflustrt a la figure 8, la preTorme 4 - qui se trouve inidalemeru a 

rdatcadialemeiUfCptie 
travert le troacno de chcBdsafe2dejacoplace. 

Bien entendu, pour que ccci toil possible, U eat oecewaire que I'cnoom- 
bremeot transversal de la prtT orroc repliee aoi t inf erieur au diametre interne de U prtTorme 
25 d6pliee,quicorrespoala 

Lorsque la preTorme est repWe iur eUe-mftme, die presense une section en 
"IT ou en forme d'escargoc - comme Ulustr* par example aux figures 6A et 6"B, 
respectivement du document WO-A-94/25&S5 ; lorsqu'dle est deptiee elle presente une 
aetata ctanmta. 
30 UpreTonnc4cstpo«noiu^ 

d'extremiu! plus large 40 ae trouve en regard de Telargitaement de puits 31 ; la longueur 
du trou 3 est d&ermin*e pour que. dans cede position, la portion supeneure de la 
pftTc<me te uouve en rega^ 

Oaptocedealonartoje^ 
35 preTorme, via la valve 53 (flecnes J, figure 9). 

Le ament est choisi pour avoir une densite* voisine - voire legerement 
supencure-cteceilcdeUboueuq^^ 
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L'amvfe de dmenl a la base de la prcTorme cfaasae done cette boue versle 

haut 

Cora me itlustn; a la figure 10, on precede ensuite au gonflage de la 
preTonne, co injectaot un fluide sous pression a rinteneur de celled, vU la valve 52 
5 (nechesl). 

n s'agit wit d'un liquide introduit de 1'extcneur (depuis la tfce de puits) 
par le conduit 5 dans la prtfome, soil d'un liquide (eau, booc ou petiole) present dans le 
puits ctpompc' dans la preTorme, 

Le liquide de gonflage est avanmgeusement cfeoisa pour avoir une densite* 
10 lcgfcrenxmsup6ieureacdkduri 

gonflage va ae fains picgressivement du bas vera le haut. canine symbolise* par les 

Heche* C a la figure la 

AdcTnut. la progression dugoitfagedu bas ven le hautpeut«trecontrfllee 

en prtvoyant, le long de la preTonne, une scric de bagues de contention frangible*, dont 
15 leseuUdeiupOireestadaptfaceseittO^ 

Le dmenl est par consequent reioulc cgaleraent de bas en haut cootie la 
paroi du puits, corame symbolise 4 par la Heche H. taodis que la boue 7 se trouve cfaassfe 
veil Ic haul 

De preference le volume de cimeot periphenque n'est pas suflisant pour 
20 atteindreU parte hattfe do liaison saiisciinen t dans 

Uwnedejonctionentrelcspc^ 

II). 

Depr*Tenmce,lapreTorme4D^^ 
chaud, prise en sand wich entre une pean intencure et une peau exterieure elastiques. et 
25 munie, cote* inteneur, d'une reserve contenant de la resin© aptc a migrer vets I'exteneur 
pour former des bourreleei annulaires favorisant I'ancrage et I'Aanchtiti du tubage centre 
Upaioidu puits. 

Une preTonne de ce genre est decrite dans lademande de brevet francais 
9408691 deposccle7juiUet 1994 par la demanderesse, et dans son extension interna- 
30 uona!cPCT/FR95«XW2, 

Ces venous annulaires, repartis tout le long de la preTonne sent references 
9 ; de preference il est prfvu une density plus grande de venous (e'est-a-dirc un 
ecartement plus fsible entre les venous) auxextremitcsb^ 

naniere a assurer une bonne *ancMit4 dans U liaison bout-a-bout des difftrents 
35 troooons. 

Le chsiuTageet la polymensation de la preTonne son! realises une fois le 
gonflagc termini, la pression de gonflage cUnl mainienue a l^iueneurde la preTormc. 
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A tide indiaoif, U prasjou interne est dc Vodrt dc IS bus. 

Le chaufTage de U preTorme peut sc fsire «oit en iatroduisant un fiuide 
chart a rmtenetr de la preTorme, sou par reaction chimiquc exothcrmique, foil encore - 
de preference * par eJTet Joule, aa moyen de icsistances e*lcctriques (fill chaufTants) 
5 dijposecj dans la paroi de la prtfonnc ou k proximity de cdlc-<3 . et aliracnteca en couranl 
electriquedepuislaietedepuit* 

A titit indcatif.U temperature neoea^iUpdynrfrisaiicmcttderc^ 
dc UOal40*C.ctUduitcdccet*e^ 

Lorsque la pdymerisaooa dc* venous 9 ct de la para de preform* est 
10 terminee, el que le ciment 6 a fait sa prise (figure 12). oa retire 1'outillage 500. 50, 51 
(flecheK, figure 13). 

On installe alon un ouul de coupe (501) a rextremite du tube 5, ct on 
decoupe le manchoa d'cuuKfafit* de lVxtremite~ haute de la preTorme (polymerise*) 4* 
(figure 14), qu'on arrache ensuite. On opere de la meme maaiere pour le maochoa 
15 infencur. 

OncfctientalcountroncOT* 
mem le cubage precedent 2 (voir figure 15). 

L'operation qui Went d'etre decrite est bien sOr rfiteree, troucon apres 
troncon, afin d'obmir Ujrofondeur de puits chemise" scmhaitec. 
20 Daitt^mwkderealisaikm 

compose* a 30% de resine epoxy ct a 70% dc fibres de vcrre, cetie toe ayant une 
e*peisseur de I'ocdre de 14mm ; tea pcaux inteneure et exterieurc, en caoutchouc 
syntbftique, oat respecti mneat une epai»eur de 2mm ct de 6mm environ. 

A titre indicatif . U portion principtle de la preTorme 4 possede, a 1'dtat 
25 depbe\ un dtametreintcrieurde Totdredc 140mmet undiametre exteneurde I'ordrede 
184mm. tandis que la portion dlargic 40 poascde un diametre inteneur de Pordre de 
188mm ct un di metre extfricnr de t'ofdre de 236mm. 

Lea portion 30-32 ct 31 du puits out dea mametreamoyensde rordrede 

197mm et de 244,5mm, itapectivement 
30 ijiicnguevdeamfTerenSslnmcwpeut 

simple titre mdicauT, la longueur d'une preTorme peut fctre de 1 'ordre de 500m. 

La figure 16 represeute un puits F chemise* par un ensemble de tress 
tnmc^2A.2Bet2Csboutesetcimentes. 

U figure 17 rcprescntc schem^quetnent une installation de t£e de puiti 
35 a>pern»idcnicttrecnc«uvrek process 

Surcctlc figure, la tftede puits. reTcrencec 55. est equipee d'uoc ftructure 
mdtallique (chflssis) 100 entounmi la tetede puits. 
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Ccoe structure 100 pone un iojecteur 101 pwuvu d^n sabot d'appci 102, 
et servant a supporter et a pousser les diffeicnts matencis kxsqu'iU sent descendus dans 
le pui ts ou retires de cctui-ti ; die se trouve a I 'aplomb de 1 'entree du puits. 

On a design* par la reference 54 ua tambour de stockagc sur lequd est 
enroulcc la prtfoime ;dkest«ipportee par un wagonnet 

U reference 540 design* un sabot de wpcert et c> guidage de !• prffonne 

ai'enmfedupuit*. 

Let ftf aoxx* 56 et 57 deai^iicm to 
et stock* respective*** let tuba "CT." (Coiled Tubint) 560 et 5. 

Le tube 560 sert a supporter et a deplacer routil de forage ; Ie tube 5 
(commc dejacSt) sert a supporter la prtTorme. a amencr lea flutdes de gonflage et de 
ejac ulation 4 la preTorme, et a la connecter a une source de courant electrique (pour la 

potymensatioo). 

L'elcctxkisS est fournie par un generHeur electrique 58. 

Im reference 59 cfcsigDe une cabinc de cocitrOle de I 'opAniiian- 

De marderc classique, Tentiec du puits a forer est ini tialemeat garoie d*un 

cuvetage 350. 

Le trepan 1 est adapts a I 'oUrtmitf du tube 560, iequel est d&oule du 
umbourtecepteur 56, su^ 101 
(voir figure 18). 

On precede alors au forage du trou. de forme Aagee 3, c«n« ie«OT 
Ic premier troocoo (figure 19). 

ApreainiK en place c^UpreTonw 

pdymelrisationiiu^ 

c« retire kcoiduitceitfral (50), k to 

54 (vide) sur Uqucllc Aail imualcment stockee la preTorroe (figure 20). 
UprtTormcK trouve aboutt^ 

On defait ensuile les connexions bydraulique et eJecthque avec la 
prtfonne, on installe et on scdle de maniere Aanche an tour de la tete du puits un 
apeareiilagede secmite ad-hoc A, ceci par une technique cooventwoaelk (figure 21). 

A Taide de I'outil de coupe 501, port* par le tube 5. on decoupe lea 
aunchons d'teidslila* bant et has (figure 22). 

L'ltape sirivaste coosiste a forer la section suivarite.pourobtenir un trou 

ftagtf 3 pcolongeant lc troocoo 2 (figure 23). 

Bngni te, on calibre les diamctrcs et on venfie raligncment du troncon 2 et 
du trou 3, a I 'aide d'un instrument appropric* 1000 (figure 24). 

On met en place une nouvdleprcTorme (figure 25). 
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On It to deacendre dm ic puitt. ctoola poritioane conv ca a bl emra t dans 
Ic trou 3. On la coonecte au tube 5, el on precede au gooflage, l U dmeataucn, el 1 1& 
polymensatioo (figure 26). 

On retire le conduit central 50, qu'on remonte et qu'on enroulc sur le 
tambour rcceptcur 54 (figures 27 et 28). 

On tuspeod I'outil dc coupe SOI au tube 5. et on le descead pouxdeoouper 
les manchons d'cxtremite* (figure 29). 

On obticnc ainsi deux troncoos rigide* aboutef 2A, 2B (figure 30). 
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1. Procedc* pour forer ct chemiser un puits. notammeni un puits de forage 
p6truiier T au moyen d'ua ensemble de troncons tubolaires - oo preTormes - aiinilairea. 
imtialement soupies. aptes It toe reputes loogittidiaakaaent sur elles-mexne* pour toe 
intruduiies dins le puits* puis a *tre depliecs radialemenl sous reflet d'uae press ton 

5 interne pour prendre une forme cylindriquc, ct enflri A toe rigidifiecs in situ par pdymeri- 
salioo de leur paroi, Peocoinbrement transversal d'une preTonne replite e*tant de 
dimension maximale seasiUemcnt inf ericure a son dUmtoe intern k I'Aat depue% et 
lesdites preTormes (4) pocseVUot one portion d'extrtniite* (40) dont le diametre - apres 
depticmenl - est tegerement supencur a ceiui du rate dc U preTonne, ce qui permet leur 
10 jonctioQ bout-a-bout par embdttemeot avec recouvremeat de uuSte portion d 'extremity 
(4ty t au^cterisdpnrleM 

r en tree du puits, sa portion d , extreraite*el*r^(40) tournee verslebas, 

a) on fait passer axudement, detuuitenbas k tnven ledil troocon (2). un 
ouo] de forage (1). et oo fore au-dessous et dans le prolcngeroent de ce troncpn (2) un 

15 trou(3)defonnee<deprofondeursdaptto 

b) on retire Tamil de f beige ( i) ; 

^} c) on inirodnit une pceTcrmc (4). a r*at reptie, k I inteneur du puits en la 

faisant traverser le troocpo (2) deja en place, et on la positionne coovenaMement k 
rinterieur du trou (3), sa portion d'extremitc* haute venant se placer a rinterieur de la 
20 portion d'extremile* elargie (40) du trancon (2) ; 

d) oo intxoduit an ciment flinde (6) su food du trou (3). autour de la 
portion d^nremite* basse de la preTorme ; 

e) oo intxoduit un fluide sous pression (8). de density superieure a la 
density du ciment (6), k rinterieur de la preTonne (4) afin de la deplier radialement, 

25 progresavemtot de bas en haut, en refoulant le dmeot, element de bas en hatn, autour 
de la preTorroc, centre Uparoidu trou (3); 

Otoutcn maintenani la preTonne sous prcssioo interne, oo en chaufle U 
paroi pourUpolyrneViser ; 

g) |e ciment ayant pris, et U preTonne ayant durci pour constituer un 
30 troocoo tubulaire rigkfa de cfaemisage (4*). on retire axiaicmcnt les outillages ayant send 

augoana^rtiUrxriymensaliondeu^ 

h) oo reitere r operation pour les troncons iirivams, jusqu'i obtenir la 
longueur de puits chemise* souhaitee. 

2. Proc6o^seJcc reveodication 1, caracterise* par le fnl qu'on utilise un 
35 auuTde forage (l)du genre trepan, apte a ocoirxr select 
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radial e, a savoir un premier tot d'e&combrtment minimal, lui permettant de passer a 
rintfriew du troocpa (2) deja en place, un aeooad tot. d'encombfcment intermeldisirc, 
pour !e forage de la partie pci neapale (30) du trou (3) ct un trotsieme tot, d'encombcement 
maximal, pour le forage de la partie (31) du Utxip) destn^e JirecevoirU portion torgic 

5 teUpreTorme(4). 

3 . Prooftde* ad on U revindication 1 ou 2, caractense* par le fail que (edit 
outfflage comprend une \Jttc (SI) a double valve (52. 53) ptacee en partie basse de la 
pitfocme(4),etapceadistf^ 
preTormc (4) et un dmesURutde (7)ii'ext6ieurdeceDe<i. 

10 4.ln<tallatioodetofayctdecnemisay t destinoe a la mise en oenvte du 

proceVtt felon Tune des revindications 1 a3, caiactesisfe par le faitqu'elle compreoi en 
t&edupuits: 

- one bobine (54) dc stockage el de reception, a Ktot etuoule\ de ladiie 

preTorme(4); 

15 - une tfcte (101) aurplombanc 1' entree (55) du puits, apte a pennettre le 

guidage et rinlroducdon dans le puits de la prefonno (4) et des different* outillages 
servant an forage do putts ainsi qu'au gonflage el a la pdymensanondeUpreTorme; 

- des bobines (56, 57) de stockage a I 'tot enrnuW de tubes mtoltiquea 
elastkpiemem deT«ma^ 

20 dans le puits. Tun (5) de ces tubes con tenant un cable servant a ralimennuion de la 
preTormc en courmnt electrique ; 

- un s/ndratBurde courant electrique (59). 
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57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED //V SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding— is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 arc diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F, in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 11 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 3 1 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 1 00 surrounding the well head. 



2741907 



This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the CT. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 1 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

10 Two rigid, abutted sections 2 A, 2B are thus obtained (figure 30). 



2796483 



10 

CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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